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REMARKS 

Reconsideration of pending Claims 101-116 and 123-223 is respectfully requested. 

Claims 101, 103-107, 110-116, 123-126, 129, 131-135, 141-143, 149, 160, 163-164, 
173, 176, 179, 182, 186, and 190 have been amended. New Claims 194-223 have been added. 
No new matter has been a dded with the amen dments or the addition of the new claims. 

\~claims 1 17-122have been cancelle d\ithout prejudice to their future prosecution. 
These claims are subject to restriction and within a non-elected group of claims (species 
Group "b" - Office Action mailed July 1, 2002). Applicant reserves the right to file a 
divisional on the non-elected claims. 

The claims have been amended to replace the phrase "epitaxially grown silicon" with 
"epitaxial silicon" as supported in the original claims as filed (e.g., Claim 2: "epitaxial layer" 
and the specification, e.g., "...by growing one or more layers of epitaxial silicon" (at page 14, 
lines 24-25). 

Support for the new Claims (including product-by-process Claims 203-223) is in the 
original claims and specification as follows: 



Claim 




Support 


203-223 


"...stacked" 


page 7, line 3 


213,216-219, 221-223 


". . .depositing a conductivity enhancing 
dopant" 


Claims 104, 111, 117, etc. 

page 4, lines 15-17; 

page 5, lines 13-15; 

pages 14-15, bridging sentence 


204-212,215-223 


"... no subsequent removal ..." 


Claim 79 


214, 220 


"...doping... by ion implantation" 


Claims 24, 77, etc. 
page 4, line 15 

pages 14-15, bridging sentence 


206-212,215 


"...preceding epitaxial layer" 


page 14, line 21 


208-210,215 


"...silicon precursor gas..." 


page 9, line 20 to page 10, line 17 
Claims 10-13 


211,212, 221,222 


"...rapid thermal oxidation" 
"...rapid thermal nitridation" 


Claims 38-41, 68-69 

pages 10-1 1, bridging paragraph 



MKE/824831.1 



2 



Serial No. 10/046,497 Response 

The amendments are intended to merely clarify language used in the claims, and the 
scope of the claims is intended to be the same after the amendment as it was before the 
amendment. 

In the Office Action, page 4 paragraph 7, the Examiner stated: 

For the purpose of the examination, the examiner assumes that eaefe epitaxial layer 
STACK comprises a top surface and sidewalls. 

To clarify, as recited in the claims, each epitaxial layer comprises a top surface and 
sidewalls — the sidewalls having an insulative material disposed thereon. The Examiner is 
also directed to the specification, for example, at page 2, line 17 to page 3, line 9, for the 
description of an embodiment of a structure that is formed according to the invention, as well 
as the pictorial illustrations of the structures in the Figures. 

Rejections under 35 U.S.C. S 112(1). 

The Examiner rejected Claims 123-128, 143-148, 149-155, 167-168, 170-172, 
176-178, 179-181, 186-189, and 190-193 under Section 112(1) for lack of enablement. This 
rejection is respectfully traversed. e^iM 

The Examiner maintains that the claims are not enabled for "sidewalls with an 
overlying layer of an insulative material" on the basis that that phrase is not specifically stated 
in the specification. 

The subject matter of the claim need not be described literally, i.e., using the same 
term (or in haec verba) as in the specification. The test for sufficiency of support of terms in 
the claims is whether the specification reasonably conveys to those skilled in the art, the 
invention as claimed. Vas-Cath, Inc. v. Mahurkar, 935 F.2d 1555, 1563-64, 19 USPQ2d 
1111, 1117 (Fed. Cir. 1991). MPEP §§ 2163 and 2163.02. 

The Examiner has the initial burden of presenting evidence or reasons — not just a 
bare assertion — why persons skilled in the art would not understand what is recited in the 
claims. 
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Claims 123, 143, 149, 176, 179, 186 and 190 have been amended to more clearly 
recite that the epitaxial layers have a top surface and sidewalls, and "insulative material over 
the sidewalls." That feature is supported in the specification at page 2, lines 1 1-12 ("The 
present method employs insulative spacers formed over the sidewalls of the epitaxial layers. . . "), and 
the Figures such as FIG. 1G, which illustrate insulative material (in the form of spacers) 44a, 
44b, overlying the sidewalls 40a, 40b of the epitaxial layers 36a, 36b. 

One skilled in the art, reading Applicant's written description and observing the 
pictorial representations in the drawings, would readily understand the meaning of the phrase 
"insulative material over the sidewalls" in the context of the claims and Applicant's 
description, and would be fully enabled to practice Applicant's invention as it is claimed. 
Applicant's claims are sufficiently supported by the specification. It is submitted that the 
pending claims are fully enabled, and withdrawal of this rejection is respectfully requested. 

Rejections under 35 U.S.C. SI 12(2) 

The Examiner rejected Claims 123-128, 143-148, 149-155, 167-168, 170-172, 
176-178, 179-181, 186-189, and 190-193 under Section 112(2) for the use of indefinite claim 
language. This rejection is respectfully traversed. 

The Examiner maintains that the phrase "sidewalls with an overlying layer of an 
insulative material" is unclear because such overlying layer of insulative material would 
prevent electrical conductivity. 

The function of the insulative spacers on the sidewalls of the epitaxial layer is to 
eliminate lateral growth so that the epitaxial layer will grow vertically to form a pillar 
structure. 

The Examiner is respectfully directed to the specification, for example, at page 2, 

lines 5-13 (emphasis added): 

The invention utilizes selective epitaxial growth (SEG) to form vertically oriented 
structures on semiconductor substrates. Crystal growth by SEG along a select facet to form 
a vertically oriented structure cannot be controlled by varying the growth conditions due to 
the existence of facets on the crystal having different orientations i.e., (100), (110), (1 11). 
However, such control is needed to achieve vertically oriented epitaxial growth and 
eliminate lateral or horizontal growth that can short circuit closely positioned adjacent 
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devices. The present method employs insulative spacers formed over the sidewalls of the 
epitaxial layers to eliminate unwanted lateral growth and control the growth of the 
epitaxial film. 

This is further stated at page 4, lines 10-17: 

Additional epitaxial layers can be added by repeating the SEG step, and depositing the 
insulative layer, and selectively removing the insulative layer to maintain insulative 
material along the sidewalls as spacers to limit the growth of the epitaxial layer in a 
vertical orientation, resulting in a pillar-like gate structure having a desired height. A 
source region can then be formed by SEG above the uppermost epitaxial layer of the gate. 
To do so, a conductivity enhancing dopant can be added while the epitaxial layer is being 
deposited, or after the formed epitaxial layer is formed, for example, by ion implantation. 

And also at page 11, lines 19-21 : 

.The spacer 44a previously formed along the sidewall 40a of the crystal 36a serves to 
prevent epitaxial growth of silicon crystals in a lateral or horizontal direction from the 
sidewall 40a. 

Applicant is claiming structure composed of overlying layers of epitaxial silicon — 
each epi layer having a top surface and sidewalls with insulative material disposed on the 
sidewalls. It is pointed out that there is no insulative material disposed between overlying 
epitaxial layers. 

The terms used in the claims are clear in their meaning and the language in the claims 
is definite and correct. Accordingly, it is submitted that the claims fully comply with the 
requirements of Section 1 12(2), and withdrawal of this rejection is respectfully requested. 



Rejection of Claims under 35 U.S.C. 103fa) 

The Examiner rejected Claims 101-109, 110-116, 123-128, 149-155 and 179 under 
Section 103(a) as obvious over JP 2001068671 (Ri) in view of US 5,902,125 (Wu). 
The Examiner rejected Claims 129-130, 132-135, 140-142, 143, [158-160, 165-166,] 173, 
[175], 182-185, 187-189, and 190-193 under Section 103(a) as obvious over Ri in view of US 
5,970,351 (Takeuchi). The Examiner rejected Claim 131 under Section 103(a) as obvious 
over Ri in view of US 5,963,822 (Saihara). The Examiner rejected Claims 129, 137-139, 
156-157, and 173-174 under Section 103(a) as obvious over Wu. These rejections are 
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respectfully traversed. Applicant's claims are directed to vertical structures (e.g., transistor, 
source/drain) that comprise two or more overlying layers of epitaxial silicon, each layer 
comprising a top surface and insulated sidewalls, with the uppermost epitaxial layer having 
top surface that is also insulated. 

Epitaxial silicon . First of all, the Examiner maintains that the phrase "epitaxially 
grown silicon" in the claims is a process limitation that does not carry weight in the presently 
claimed structures. It is pointed out that the claims have been amended to recite the term 
"epitaxial silicon" in order to eliminate a purported process limitation fr om the claims. 

Epitaxial silicon is not the same as other silicon forms and can be distinguished, for 
example, based on the structure and appearance of the layers, and by physical properties (e.g., 
electrical behavior). For example, an epitaxial silicon film has a single crystalline structure, 
and can be distinguished by the presence of a faceted top surface. The structure of an 
epitaxial film on a substrate can be examined by cross-sectioning and, for example, by 
scanning electron microscope (SEM) or transmission electron microscope (TEM), as known 
and used in the art. (This is discussed in the specification at page 9, lines 16-19.) 

By comparison, neither polysilicon nor amorphous silicon have a single-crystal film 
structure and do not possess a crystal oriented facet on the top surface. The crystal orientation 
of a stack composed of epitaxial silicon is very different from that of either amorphous silicon 
or polycrystalline silicon. Thus, stacked epitaxial silicon layers can be readily distinguished 
from other stacked silicon films such as a stacked amorphous silicon (SAS) structure, or 
stacked polycrystalline silicon layers. 

In addition, epitaxial silicon can be distinguished from other silicon forms by its 

properties. For example, Wu (cited by the Examiner) distinguishes epitaxial silicon from 

amorphous silicon based on dopant penetration into the respective materials. Wu teaches that 

amorphous silicon suppresses penetration of dopant (at col. 2, lines 4-20; emphasis added): 

Further, in order to achieve... Unfortunately, the effect of boron penetration through the 
thin gate oxide into Si substrate will degrade the device performance. Prior art approaches 
to overcome these problems have resulted in the development of stacked-amorphous-silicon 
(SAS) film to suppress the boron penetration into ultra-thin gate oxide. . . .The SAS gate 
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capacitor exhibits a smaller flat-band voltage shift, a less charge trapping and interface state 
generation rate than those of the as-deposited poly-Si gate capacitor. The main reason of the 
suppression of the boron or fluorine penetration by using SAS is because that the SAS 
structure exhibits the dopant segregation at the stacked-Si boundaries and a longer path for 
dopant diffusion to the interface between silicon and oxide. 

Wu also discloses that the doping step results in implanting dopant into the SAS layer, 
into the epitaxial silicon, and into the silicon substrate underlying the epitaxial silicon (at 

col. 4, lines 55-59; emphasis added):. 

Referring to FIG. 5, the ARC layer 10 is then removed to expose the top of the SAS 
layer 8. Then, a blanket ion implantation is carried out to implant p-type dopant, such as 
boron or BF 2 into the SAS layer 8, the epitaxial silicon 16 and silicon substrate 2 that under 
the epitaxial silicon 16... 

As Wu describes, epitaxial silicon allows penetration of dopant into the underlying 
substrate. By comparison, the properties of amorphous silicon inhibit dopant penetration into 
the underlying substrate. Thus, the character and properties of epitaxial silicon are 
necessarily different than the character and properties of amorphous silicon, as Wu has 
described. 

In addition, doped polysilicon film resistivities are less than those of equally doped 
epitaxial silicon 

Epitaxial silicon is not the same as amorphous silicon or polycrystalline silicon based 
on either appearance and/or properties. 

Ri combined with Wu. With regard to the rejection of Claims 101-109, 116 and 180 
(transistor gate of overlying epi layers) based on Ri combined with Wu, the Examiner admits 
that Ri does not disclose a structure comprising at least two overlying layers of epitaxial 
silicon and an uppermost layer having an insulated top surface. 

However, the Examiner asserts that Wu discloses a transistor 8 comprising at least 
two overlying layers of silicon (citing to col. 4, line 3), and an uppermost layer having an 
insulated top surface (citing to FIG. 8). The Examiner maintains that is would have been 
obvious to combine "Wu's teaching of multiple silicon layers with Ri's device because it 



MKE/824831.1 



7 



Serial No, 1 0/046, 497 Response 

would have prevented the penetration of the dopant through, as taught by Wu" (col. 4, 
line 17-18). 

Both Ri and Wu disclose a gate with an adjacent elevated source and drain composed 
of an epitaxial silicon layer. Wu teaches an etched gate structure composed of stacked 
amorphous silicon (SAS) layers 8. (See FIG. 2, and below at FIG. 5) 1 

There is no motivation in either Ri or Wu to substitute epitaxial silicon for amorphous 
silicon to form the stacked gate structure described by Wu.- Wu essentially teaches away from 
using epitaxial silicon to form the gate structure. Wu specifically teaches the importance of 
forming the gate with amorphous silicon based on the ability of amorphous silicon to suppress 
boron penetration through a gate oxide layer and into the underlying silicon substrate to 
overcome problems in the prior art (Wu at cols. 1-2, bridging paragraph; emphasis added): 

Further, in order to achieve ... Unfortunately, the effect of boron penetration through the 
thin gate oxide into Si substrate will degrade the device performance. Prior art approaches 
to overcome these problems have resulted in the development of stacked-amorphous-silicon 
(SAS) film to suppress the boron penetration into ultra-thin gate oxide. As seen in 
"Suppression of Boron Penetration into an Ultra-Thin Gate Oxide by Using a Stacked- 
Amorphous-Silicon (SAS) Film, Shye Lin Wu, 1993, IEDM, p. 329". In this paper, Wu 
suggests that the use of stacked-amorphous-silicon (SAS) can suppress the boron penetration 
through an ultra-thin oxide. The SAS gate capacitor exhibits a smaller flat-band voltage 
shift, a less charge trapping and interface state generation rate than those of the as-deposited 
poly-Si gate capacitor . The main reason of the suppression of the boron or fluorine 
penetration by using SAS is because that the SAS structure exhibits the dopant segregation 
at the stacked-Si boundaries and a longer path for dopant diffusion to the interface between 
silicon and oxide. 

Based on the information in Wu, there is no motivation to alter either Wu or Ri form a 
gate structure composed of overlying epitaxial layers, as in Claims 101-109 and 1 16 (or 180). 



1 As Wu illustrates in FIG. 1, the amorphous silicon (SAS) layer 8 is formed by a blanket deposition process on a 
substrate, and covered by an ARC layer 10. The SAS layer 8 is then etched to form the gate structure. 
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Furthermore, the Examiner's proposed combination of Wu's multiple silicon layers 
with Ri's device because "it would have prevented the penetration of the dopant through" 
(Office Action at page 5, last paragraph) would not provide an elevated gate composed of 
overlying epitaxial silicon layers, as in Claims 101-109 and 1 16 (or 180). Wu specifically 
teaches the use of stacked amorphous silicon (SAS) layers to form a gate structure. The 
substitution of Wu's gate structure into Ri's device would result in a stacked SAS gate — not 
a stacked epitaxial silicon gate as claimed by Applicant. 

Accordingly, withdrawal of the rejection of Claims 101-109 and 116 based on Ri 
combined with Wu is respectfully requested. 

As for Claims 110-1 16 and 123-128 (source/drain of overlying epi layers), there is 
nothing in the teachings of either Ri or Wu that would motivate one to form an S/D structure 
of overlying epitaxial silicon layers. 

As admitted by the Examiner — Ri does not disclose a structure comprising at least 
two overlying layers of epitaxial silicon. Ri describes a gate structure with an adjacent 
elevated drain composed of a single epitaxial silicon layer 27. This is illustrated by FIG. 3C, 
shown below: 



28 24 23 



F1G.3C 




22 29 25 
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Similarly, Wu — like Ri — describes a gate structure with an adjacent elevated source 
and drain made of a single epitaxial silicon layer 16 (and an extended source and drain 22 — 
formed by doping — in the substrate) (Wu at col. 4, line 48 to col. 5, line 14). The 
source/drain structure 18, 22 of Wu is illustrated in FIGS. 5-6, shown below: 



Neither Ri nor Wu teach or suggest a source/drain comprising two or more layers of 
epitaxial silicon. Both teach a sinele layer of epitaxial silicon to form the source/drain. 

Furthermore, neither Ri nor Wu teach insulative spacers on the sidewalls of the 
epitaxial layer of the S/D structure. The Examiner cites to FIG. 8 of Wu as disclosing "an 
uppermost layer having an insulated top surface." (This is also illustrated in FIG. 7 below.) 

Wu describes forming a thick oxide layer 26 over the substrates and gate structure for 

isolation (col. 5, lines 15-19): 

Referring to FIG. 7, a thick oxide layer 26 is formed over the substrate 2 and gate 
structure for isolation. For example, CVD oxide can be used for in this step. Then, contact 



I I i I I I I 




FIG.5 
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FIG.6 
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holes 28 are generated in the oxide layer 26 and aligned to the source and drain 22 by using 
conventional manner. 



8 20 25 14 



18 26 




22 24 6 24 22 

FIG.7 



Although Wu teaches an oxide layer 26 formed over the source and drain 18 — the 
oxide layer is disposed over a single epitaxial layer. 

The present invention utilizes insulative spacers on the sidewalls of each epitaxial 
layer and no insulative layer between overlying epitaxial layers, which achieves Applicant's 
structures as claimed. As disclosed by Applicant (see specification at page 2, lines 5-13; 
emphasis added): 

The invention utilizes selective epitaxial growth (SEG) to form vertically oriented 
structures on semiconductor substrates. Crystal growth by SEG along a select facet to form 
a vertically oriented structure cannot be controlled by varying the growth conditions due to 
the existence of facets on the crystal having different orientations i.e., (100), (110), (111). 
However such control is needed to achieve vertically oriented epitaxial growth and 
eliminate lateral or horizontal growth that can short circuit closely positioned adjacent 
devices. Th° presen t method fmplnv* insulative spacers formed over the sidewalls of the 
epitaxial layers to eliminate unwanted lateral erowth and control the growth of the epitaxial 
film. 

The sidewall spacers limit the position of a successive epitaxial layer to the exposed 
top surface of the underlying (previous) epitaxial layer. Due to the presence of the insulative 
spacers on the sidewalls of each underlying epitaxial layer, lateral or horizontal crystals are 
eliminated. Thus, the resulting structure is composed of overlying epitaxial layers in a 
vertical orientation. 
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Wu's disclosure of forming an oxide layer 26 over the epitaxial layer 18 would not 
result in Applicant's source/drain structure comprising overlying multiple layers of epitaxial 
silicon extending in a vertical plane from the surface, as recited in Claims 110-1 16 and 123- 
128 . Nor would it result in a "structure" comprising overlying epitaxial silicon layers, as 
recited in Claims 149-155 and 179 . 

Finally, the Examiner's proposed combination of Wu's teaching of multiple silicon 
layers with Ri's device because "it would have prevented the penetration of the dopant 
through" (Office Action at page 5, last paragraph) is clearly without basis with regard to 
Claims 1 10-1 16 and 123-128 directed to an elevated S/D of overlying epi layers. 

Wu teaches a source/drain composed of a single epitaxial silicon layer 16, and then 
doping the epitaxial layer 16 and the underlying substrate 2 to form the source/drain 22 and 
an extended source and drain junction 24 (see above at FIG. 6). 

Ri teaches forming a doped region 25 in the substrate and doped regions 27a, 27b 
within the epitaxial layer 27 (see above at FIG. 3C, and below at FIG. 3D). 

Neither Ri nor Wu teach preventing dopant penetration into the substrate with respect 
to a source/drain structure. Clearly, the Examiner's position is without any basis. 

In sum, the combination of Ri with Wu does not teach or suggest Applicant's 
structures as recited in the claims, and withdrawal of this rejection is respectfully requested. 

Ri combined with Takeuchi. Next, the Examiner rejected Claims 129-130, 132-135, 
140-142, 143, 173, 182-185, 187-189, and 190-193 (a structure comprising overlying 
epitaxial silicon layers) as obvious over Ri combined with Takeuchi. 

The Examiner erroneously states that Ri discloses a structure in FIG. 3D that 
comprises "at least two overlying layers 27a and 27b of epitaxial grow [sic] silicon, each 
epitaxial layer having insulated sidewalls 26." 
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First of all, the Examiner expressly admitted that Ri does not disclose overlying 
epitaxial layers — in the Office Action at page 5 (par. 8) (emphasis added): 

But Ri references does not ex pressly disclose a transistor gate 23 comprises [sic] at least 
two overlying layers of epitaxial silicon and an uppermost layer having an insulated top 
surface. 

Secondly, as discussed above, Ri describes a transistor comprising a gate structure and 
an elevated drain comprising a sinsle epitaxial silicon layer 27. 

Referring to FIG. 3C (shown below), Ri forms a single epitaxial silicon layer 27, 
which is lightly doped (page 14, lines 3-13; emphasis added): 

After the hydrogen bake, the lightly doped silicon layer or lightly doped epitaxial silicon 
layer 27 is formed overlying the mediumly doped regions 25. In one embodiment, the 
lightly doped silicon layer 27 is formed by selectively growing an epitaxial layer on the 
exposed portion of the silicon substrate 20 using a low pressure chemical vapor deposition 
("LPCVD") method . . The deposition process is performed for about 10 minutes to 
provide the lightly doped epitaxial silicon layer 27 having a thickness between about 500 A 
and 2000 A. 



28 24 23 



FIG. 3C 



27 \ Y y 3 




22 29 25 



Referring to FIG. 3D, an ion implantation step is then performed to form heavily 
doped region 27a within the epitaxial layer 27. 2 The ion implantation step includes injecting 



2 Ri also states that the doped regions 27a, 27b can be formed without an ion implantation step - by CVD 
process involving light doping and then heavy doping. That process still forms two regions - not separate 

epitaxial layers (Ri at page 15, lines 14-17; emphasis added): 

P In one embodiment, the heavily doped re ? ions 27a and the lightly doped regions 27b may be formed 
without ion implantation step. For example, these, reyiom may be formedby performing a ^t CVD method 
to grow the lightly doped region 27b and then switching to a second CVD method to grow the heavily doped 
regions 27a. 

Ri does not disclose forming two separate epitaxial layers. 
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arsenic ions 



into the epitaxial silicon layer. See Ri at page 15, lines 2-8 and 18-20 (emphasis 



added): 



Referring now to FIG. 3D, an ion implantation step is performed to form heavily doped 
regions 27a on the epitaxial silicon layer 27. In one embodiment, to manufacture NMOS 
transistors, the ion implantation step includes injecting arsenic ions into the epitaxial silicon 
layer at low energy of about 5 KeV to about 10 KeV, i.e., into the depth of about 300 A. 
The energy level is selected so that the ions are not driven too far into the epitaxial silicon 
layer, so that the lower portion of the epitaxial silicon layer remains lightly doped. . . 

Referring back to the above embodiment, the annealing process is controlled so that the 
upper portion of the epitaxial silicon layer 27 becomes heavily doped while the lower 
portion remains lightly doped... 



Impurity Ions ol High Dose 
28 0J /26a) 26 

\ \ flmrl 257 



FIG. 3D 




Thus, the sinzle epitaxial silicon layer 27 includes two doped regions — a heavily 
doped region 27a; and a lightly doped region 27b— not separate and overlying epitaxial 
layers. 

Contrary to the Examiner's assertion, Ri does not describe two overlying layers of 
epitaxial silicon. Rather, Ri describes a single layer of epitaxial silicon comprising two 
dopant regions within the single layer. 

Nor does Ri teach insulative spacers on the sidewalls of the epitaxial layer of the S/D 
structure. As shown in FIG. 3D (above), there are no sidewall spacers on the epitaxial 
layer 27 ofRi. 
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Similarly, Takeuchi — like Ri — describes a gate with adjacent elevated source and 
drain 7A made of a "silicon single crystal thin film" which is then covered with an insulator 
6B' (see at col. 11, line 48 to col. 12, line 2; emphasis added): 

According to the method of production... In the method of production, a silicon single 
crystal thin film doped with arsenic or phosphor is selectively grown in an area which is tor 
making the source and drain region of the n-channel transistor to form n-type elevated 
source and drain 7 A . By this process, facet 8 A is formed on elevated source and drain 7 A 
(FIG 1 1(a)) Then, as shown in FIG. 1 1(b), second insulators 6B 1 and 6B, which cover the 
entire n-channel transistor 1 A and a side face of the gate of the p-channel transistor, are 
formed, and a silicon single crystal thinfdm doped with boron is selectively grown only in 
a region which is for making the source and drain region of the p-channel transistor to form 
p-type elevated source and drain 7B. By this process, facet 8B is formed (FIG. 1 1(b)). ... 

Takeuchi's elevated source/drain 7A, 7B are illustrated in FIG. 1 1(c), shown below: 



FIG. 1 1 [c] 




— y- 
1A 



— v — 
1B 



film. 



It is also pointed out that elevated source and drain 7B is not covered with an insulated 



Thus, although Takeuchi teaches an oxide layer 6B' formed over the source and 
drain 7A — the oxide layer is disposed over a single epitaxial layer. 

As discussed above (with respect to Wu), Applicant's claimed structure has insulative 
spacers on the sidewalls of each of the overlying epitaxial layers. The sidewall spacers on an 
underlying epitaxial layer limit the successive epitaxial layer to a vertical orientation on the 
exposed top surface of the underlying epitaxial layer - and eliminate the presence of lateral 
or horizontally oriented crystals from the second (overlying) layer. 
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The teaching in Ri — of a source/drain composed of a single epitaxial layer, combined 
with Takeuchi's disclosure — of forming an oxide layer 6B' over a single epitaxial layer 7 A, 
does not provide the requisite teaching of a structure composed of at least two overlying 
layers of epitaxial silicon with an insulative layer over the sidewalls of each of the epitaxial 
layers and no insulative layer between overlying epitaxial layers — with the structure 
extending in a vertical plane from the surface. 

The combination of Ri with Takeuchi does not teach or suggest Applicant's claimed 
structure. Accordingly, withdrawal of this rejection is respectfully requested. 

Ri combined with Saihara . Next, the Examiner rejected Claim 131 as obvious over 
Ri in combination with Saihara. Claim 131 depends from Claim 129 directed to a structure 
with overlying layers of epitaxial silicon, with the additional limitation that the facet has a 
(100) plane orientation. 

The Examiner cites Saihara for disclosing that a silicon substrate has a plane 
orientation of (100) or (1 1 1). The Examiner maintains that it would be obvious to form the 
epitaxial layer 27a of Ri having a plane orientation of (100). 

Saihara describes methods for forming a single epitaxial film layer on a surface of a 

(100) silicon substrate. 

As the primary reference of Ri is inapplicable for the above-stated reasons (e.g., 
failing to teach at least two overlying epitaxial layers), combining the teaching of Saihara 
does not make up for the insufficiencies of Ri. Accordingly, withdrawal of this rejection is 
respectfully requested. 

Wu (alone) . Finally, the Examiner rejected Claims 129, 137-139, 156-157, 
and 173-174 as obvious over Wu. 

First of all, in response to the Examiner's re-statement that process limitations 
"epitaxially grown silicon" in Claim 129 does not carry weight in a claim drawn to a structure 
— it is again pointed out that the claims have been amended to recite the term "epitaxial 
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silicon" in order to eliminate a purported process limitation from the claims. The Examiner is 
also directed to the previously stated remarks addressing epitaxial silicon. 

As for the rejection of the claims, the Examiner cites to the gate in FIG. 8 of Wu, 
which is composed of overlying layers of silicon. The Examiner maintains that it would be 
obvious to replace the stacked-amorphous silicon (SAS) layer 8 with epitaxial silicon 
"because such epitaxial grown silicon would have been considered a mere substitution of 
art-recognized equivalent values." (emphasis added) 

As discussed previously, Wu teaches away from using a silicon material other than 
amorphous silicon to form a gate structure. 

To overcome problems in the prior art concerning boron penetration through a gate 

oxide layer and into the underlying silicon substrate — Wu specifically teaches the 

importance of forming the gate with amorphous silicon (Wu at cols. 1-2, bridging paragraph): 

Further, in order to achieve ... Unfortunately, the effect of boron penetration through the 
thin gate oxide into Si substrate will degrade the device performance. Prior art approaches 
to overcome these problems have resulted in the development of stacked-amorphous-sihcon 
(SAS) film to suppress the boron penetration into ultra-thin gate oxide. As seen in 
"Suppression of Boron Penetration into an Ultra-Thin Gate Oxide by Using a Stacked- 
Amorphous-Silicon (SAS) Film, Shye Lin Wu, 1993, IEDM, p. 329". In this paper, Wu 
suggests that the use of stacked-amorphous-silicon (SAS) can suppress the boron penetration 
through an ultra-thin oxide. The SAS gate capacitor exhibits a smaller flat-band voltage 
shift, a less charge trapping and interface state generation rate than those of the as-deposited 
poly-Si gate capacitor. The main reason of the suppression of the boron or fluorine 
penetration by using SAS is because that the SAS structure exhibits the dopant segregation 
at the stacked-Si boundaries and a longer path for dopant diffusion to the interface between 
silicon and oxide. 

In addition, Wu explicitly teaches the benefits over the prior art by using a stacked 
amorphous silicon (SAS) structure as the gate (at col. 5, lines 27-35; emphasis added): 

The present invention can provide various benefits over the prior art. For example, the 
operation speed will be increased by the SALICIDE technology. The short channel effect 
will be suppressed by using the elevated source and drain junction, and the extended 
ultra-shallow source and drain junction. Further, The p+ poly-Si gate with minimum boron 
penetration into thin gate oxide could be achieved by using the stacked-amorphous-sihcon 
structure as the poly gate. 
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Clearly, based on the specific teachings stated by Wu — there is no motivation to 
substitute a different silicon material for amorphous silicon to form the gate structure of Wu's 
transistor device. In particular, there would no motivation to substitute epitaxial silicon for 
amorphous silicon in the gate structure taught by Wu. 

The purpose of the amorphous silicon in the gate structure of Wu is to prevent dopant 
diffusion into the underlying substrate. Wu further discloses that the doping step resulted in 
implanting dopant into the SAS layer, into the epitaxial silicon, and into the silicon substrate 
underlying the epitaxial silicon . Again, as stated in Wu at col. 4, lines 55-59 (emphasis 
added): 

Referring to FIG. 5, the ARC layer 10 is then removed to expose the top of the SAS 
layer 8. Then, a blanket ion implantation is carried out to implant p-type dopant, such as 
boron or BF 2 into the SAS layer 8, the epitaxial silicon 16 and silicon substrate 2 that 
under the epitaxial silicon 16... 

As Wu discloses, in contrast to amorphous silicon, which inhibits dopant penetration 
into the underlying substrate — epitaxial silicon allows penetration of dopant into the 
underlying substrate. 

Clearly, one reading the disclosure in Wu would not be motivated to substitute 
epitaxial silicon for the amorphous silicon in Wu's gate structure. 

Based on those teachings in Wu, the Examiner's proposed substitution of epitaxial 
silicon for Wu's multiple amorphous silicon layers is clearly without basis. Accordingly, 
withdrawal of the rejection of Claims 129, 137-139, 156-157, and 173-174 based on Wu is 
respectfully requested. 

None of the cited references, either alone or in combination, teach or suggest 
Applicant's raised structures as claimed. Accordingly, withdrawal of these rejections is 
respectfully requested. 

Extension of Term. 

The proceedings herein are for a patent application and the provisions of 37 CFR 
§ 1.136 apply. Applicant believes that no extension of term is required. However, this 

MKE/824831.1 

18 



0 



Serial No. 10/046,497 



Response 



conditional petition is being made to provide for the possibility that Applicant has 
inadvertently overlooked the need for a petition for extension of time. If any extension and/or 
fee are required, please charge Account No. 23-2053. 

Applicant believes that the claims are in condition for allowance, and notification to 
that effect is respectfully requested. 



P.O. ADDRESS: 

WHYTE HIRSCHBOECK DUDEK S.C. 
1 1 1 East Wisconsin Avenue, Suite 2100 
Milwaukee, Wisconsin 53202 
(414) 273-2100 

Customer No. 022202 



Respectfully submitted, 




Kristine M. Strodthoff 
Registration No. 34,259 
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WHAT IS CLAIMED^gm ^^ 

101 . (amended) A transistor in a semiconductor device, comprising 




source/drain diffusion regions formed on a semiconductive region of a substrate; and 
a transistor gate formed on the semiconductive region between the source/drain 

diffusion regions, the transistor gate extending in a vertical orientation from the substrate, the 

transistor gate comprising at least two overlying layers of opitaxially grown epitaxial silicon, 

each including an uppermost epitaxial layer having; 

each epitaxial silicon laver compris in g a top surface and insulated sidewalls, and aft the 

uppermost epitaxial silicon layer having an insulated top surface. 

102. The transistor of Claim 101, wherein the source/drain diffusion regions are elevated and 
extend in a vertical orientation from the substrate surface adjacent to the transistor gate. 

103. (amended) The transistor of Claim 102, wherein each of the source/drain diffusion 
regions comprise at least two overlying layers of e pitaxially grown epitaxial silicon, each 
epitaxial silicon layer having a top surface, and insulated sidewalls, and an uppermost epitaxial 
silicon layer having an insulated top surface. 

104. (amended) The transistor of Claim 103, wherein the uppermost epitaxial silicon laver 
of the source/drain diffusion regions comprise an uppermost e pitaxial lay e r comprising a 
conductivity enhancing dopant. 

1 05. (amended) The transistor of Claim 103, wherein each of the epitaxial silicon layers of 
the source/drain diffusion regions comprise a conductivity enhancing dopant. 

106. (amended) The transistor of Claim 101, wherein each epitaxial silicon layer comprises 
a faceted top surface. 



MKE/7 17799.4 
USSN 10/046,497 
Inventors: Ping et al. 
MTI-31041-A 
(Amended 02-2003) 



1 



Blacklined Claims 



107. (amended) The transistor of Claim 101, wherein each epitaxial silicon layer has a 
thickness of about 50 to about 200 nm. 

1 08. The transistor of Claim 101, wherein the transistor is isolated within the substrate by at 
least one dielectric isolation region formed in the substrate adjacent thereto. 

109. The method of Claim 108, wherein the at least one dielectric isolation region is a 
shallow trench isolation region comprising an oxide. 

1 10. (amended) A transistor in a semiconductor device, comprising: 

a transistor gate form e d disposed on a semiconductive region of a substrate; and 
elevated source/drain diffusion regions form e d disposed on the semiconductive region 

adjacent to the transistor gate, and extending in a vertical plane from the substrate; 

each of the source/drain diffusion regions covered by a lay e r of insulativ e mat e rial and 

comprising at least two overlying layers of opitaxially grown silicon, epitaxial silicon. 

including an uppermost epitaxial silicon layer: each epitaxial silico n laver comprising a top 

surface an d insulated sidewalls. and the upper most e pitax ial silicon laver having an insulated 

top surface. 

111. f amended) The transistor of Claim 1 1 0, wherein the source/drain diffusion regions 
comprise an uppermost epitaxial silicon layer comprising a conductivity enhancing dopant. 

1 12. (amended) The transistor of Claim 1 10, wherein at least one of the epitaxial silicon 
layers of the source/drain diffusion regions comprise a conductivity enhancing dopant. 

113. (amended) The transistor of Claim 1 12, wherein at least one of the epitaxial silicon 
layers comprises a concentration gradient of the dopant. 
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114. (amended^ The transistor of Claim 1 1 0, wherein the epitaxial silicon layers comprise a 
faceted top surface. 

1 15. ( amended) The transistor of Claim 1 10, wherein each epitaxial silicon layer has a 
thickness of about 50 to about 200 nm. 

1 1 6. ( amended) The transistor of Claim 1 1 0, wherein the transistor gate is covered by a 
layer of insulative material and comprises at least two overlying layers of cpitaxially grown 
siliefmr epitaxial silicon. 

1 17. A transistor in a semiconductor device, comprising: 
a substrate having a buried drain region; 

a gate overlying the buried drain region, the gate comprising multiple, vertically oriented and 
overlying e pitaxial layers and a top surface, each epitaxial layer having insulated sidowalls; 
a source region ov e rlying the top surface of the gat e , th e source region comprising an epitaxial 
layer doped with a conductivity enhancing dopant, and covered by a layer of insulative 
mat e rial. 

118. Th e transistor of Claim 117, wherein each of the epitaxial layers of the gate is about 50 to 
about 200 nm thick. 

119. The transistor of Claim 1 17, wherein the epitaxial layer of the source region is at least 
about 10 nm thick. 

120. The transistor of Claim 1 17, wherein the epitaxial layers have a faceted top surface. 

121. The transistor of Claim 1 17, wherein the buried drain comprises an n typo conductivity 
enhancing dopant an n typo sel e cted from the group consisting of phosphine, arsin e , and 
combinations ther e of. 
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122. The tran:ictor of Clnim 1 V, whereis fee HnrinH drain rogion io about 50 nm to about 
100 nm wide. 

123. ramended') A transistor in a semiconductor device, comprising: 

a transistor gate disposed on a semiconductive region of a substrate; and 
an elevated source/drain diffusion region disposed on the substrate adjacent to the 
transistor gate in a vertical orientation from the substrate; the source/drain diffusion region 
comprising at least two overlying layers of cpitaxially grown silicon; each epitaxial layer 
lum^ g pitavial silicon, including an upp ermost enitaxial layer: each of the at least tWQ 
epitaxial silicon layers comprising a top surface, and sidewalls, with on overlying § layer of an 
insulative material, dis posed over the sidewalls: and the uppermost epitaxial layer having a top 
surface with an overlying layer of an insulative material. 

124. (amended) The transistor of Claim 123, wherein at least one of the epitaxial silicon 
layers of the source/drain diffusion region comprises a conductivity enhancing dopant. 

125. (amended^) The transistor of Claim 1 24, wherein the uppermost epitaxial sUkgn layer 
of the source/drain diffusion region comprises a conductivity enhancing dopant. 

1 26. (amended^ The transistor of Claim 1 24, wherein at least one of the epitaxial sUkgn 
layers comprises a concentration gradient of the dopant. 

127. The transistor of Claim 124, wherein the conductivity enhancing dopant comprises a p- 
type dopant. 

1 28. The transistor of Claim 1 24, wherein the conductivity enhancing dopant comprises an 
n-type dopant. 



MK.E/7 17799.4 
USSN 10/046,497 
Inventors: Ping et al. 
MTI-31041-A 
(Amended 02-2003) 



Blacklined Claims 



129. twice amended) A semiconductor structure, comprising: 

at least two overlying layers of cpitaxially grown epitaxial silicon, eaefe including an 
uppermost epitaxial layer **rh ftpitavial silicon 1*ver comprising a ton surface and 

insulated sidewalls, and an thg uppermost epitaxial layer having an insulated top surface; the 
structure disposed on a substrate in a vertical orientation. 

1 30. f amended) The semiconductor structure of Claim 1 29, wherein each epitaxial ato 
layer comprises a top surface defining a facet. 

131. (amended^ The semiconductor structure of Claim m 122, wherein the facet has a 
(100) plane orientation. 

132. Amended) The semiconductor structure of Claim 129, wherein each epitaxial gUkfin 
layer has a thickness of up to about 200 nm. 

133. (amended) The semiconductor structure of Claim 1 32, wherein each epitaxial gUisfin 
layer has a thickness of about 50 to about 200 nm. 

1 34. (amended) The semiconductor structure of Claim 1 32, wherein one or more epitaxial 
silicon layers has a thickness of about 70 to about 100 nm. 

135. (amended) The semiconductor structure of Claim 132, wherein each epitaxial gUkfin 
layer has a thickness of at least about 10 nm to about 30 nm. 

136. The semiconductor structure of Claim 129, being disposed adjacent to a gate or word 
line. 

1 37. The semiconductor structure of Claim 1 29, being disposed adjacent to a source/drain 
region. 
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138. The semiconductor structure of Claim 137, being a transistor gate. 

1 39. The semiconductor structure of Claim 138, wherein the transistor gate is isolated within 
the substrate by at least one dielectric isolation region disposed in the substrate adjacent 
thereto. 

140. The semiconductor structure of Claim 129, being a source/drain diffusion region. 

141 . (amended^) The semiconductor structure of Claim 140, wherein the uppermost epitaxial 
silicon layer comprises a conductivity enhancing dopant. 

142. (amended^ The semiconductor structure of Claim 140, wherein each of the epitaxial 
silicon layers comprises a conductivity enhancing dopant. 

143. ^amended) A semiconductor structure, comprising: 

at least two overlying layers of opitaxially grown e pitaxial silicon, each epitaxial silicon 
layer having com prising a top surface^ and sidewalls with an overlying layer of an ^^nd 
insulative material^ over the sidewalls: an uppermost epitaxial H™ 5 -*™™™ 1aver of the at least 
two overlving layers having a top surface with an overlying layer of an insulative material; and 
wherein the structure m disposed on a substrate in a vertical orientation. 

144. The semiconductor structure of Claim 143, wherein the insulative layer comprises an 
oxide film, a nitride film, an oxidized nitride film, or a composite oxide/nitride film. 

145. The semiconductor structure of Claim 144, wherein the insulative layer comprises a 
silicon nitride film. 
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146. The semiconductor structure of Claim 145, wherein the silicon nitride film has a 
thickness of about 5 to about 20 nm. 

1 47. The semiconductor structure of Claim 1 44, wherein the insulative layer comprises a 
silicon oxide film. 

148. The semiconductor structure of Claim 147, wherein the silicon oxide film has a 
thickness of about 2 to about 5 nm. 

149. ("amended') A semiconductor structure, comprising: 

at least two overlying layers of cpitaxially grown enitaxial silicon, each epitaxial sUkfifl 
layer having comprising a top surface, and sidewalls with an overlying layer o fUnd an 
insulative material nverthe sidewalls : an uppermost epitaxial layer of the at least two overlying 
layers having a top surface with an overlying layer of an insulative material; one or more of the 
epitaxial silicon layers comprising a conductivity enhancing dopant; and wherein the structure 
is disposed on a substrate in a vertical orientation. 

150. The semiconductor structure of Claim 1 49, wherein the conductivity enhancing dopant 
comprises a p-type dopant. 

151. (amended) The semiconductor structure of Claim 1 50, wherein the p-type dopant is 
selected from the group consisting of diborane, boron trichloride, and boron trifluoride, and 
combinations thereof. 

1 52. (amended) The semiconductor structure of Claim 149, wherein the conductivity 
enhancing dopant comprises an n-type dopant. 

153. (amended) The semiconductor structure of Claim 152, wherein the n-type dopant is 
selected from the group consisting of phosphine, arsine, and combinations thereof. 
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1 54. (amended) The semiconductor structure of Claim 149, wherein one or more of the 
epitaxial layers comprises a concentration gradient of the dopant within the epitaxial layer. 

155. (amended) The semiconductor structure of Claim 1 54, wherein the concentration 
gradient comprises a low to high concentration of the dopant within the epitaxial layer, with the 
high dopant concentration at the top surface of the layer. 

156. (new) The semiconductor structure of Claim 1 29, being a component of a transistor. 

1 57. ( now ) The semiconductor structure of Claim 1 56, being a transistor gate. 

158. (new) The semiconductor structure of Claim 1 56, being a source/drain diffusion region. 

1 59. ( now ) The semiconductor structure of Claim 158, wherein at least one of the epitaxial 
layers of the source/drain diffusion regions comprises a conductivity enhancing dopant. 

1 60. (sevvXamSUdBtt The semiconductor structure of Claim 1 59, wherein at least one of the 
epitaxial silicon layers of the source/drain diffusion regions comprises a concentration gradient 
of a conductivity enhancing dopant. 

161. (new) The semiconductor structure of Claim 1 57, wherein the transistor gate is disposed 
over a drain region disposed in the substrate. 

162. (new) The semiconductor structure of Claim 161, the drain region is about 50 nm to 
about 100 nm wide. 
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163. teevA(amended) The semiconductor structure of Claim 161, wherein the uppermost 
epitaxial silicon layer of the transistor gate structure comprises a source region doped with a 
conductivity enhancing dopant. 

164. faew ¥ amended) The semiconductor structure of Claim 163, wherein the uppermost 
epitaxial silicon layer is at least about 10 nm thick. 

165. (n e w) The semiconductor structure of Claim 156, wherein the transistor is isolated 
within the substrate by at least one dielectric isolation region formed in the substrate adjacent 
thereto. 

166. (now) The semiconductor structure of Claim 165, wherein the at least one dielectric 
isolation region is a shallow trench isolation region comprising an oxide. 

167. (fiew) The semiconductor structure of Claim 143, being a component of a transistor. 

168. (now) The semiconductor structure of Claim 167, being a transistor gate. 

169. (now) The semiconductor structure of Claim 167, being a source/drain diffusion region. 

170. (new) The semiconductor structure of Claim 149, being a component of a transistor. 

171. (fiew) The semiconductor structure of Claim 1 70, being a transistor gate. 

172. (fiew) The semiconductor structure of Claim 170, being a source/drain diffusion region. 

173. faew^ f amended) A semiconductor structure, comprising: 

at least two overlying layers of opitaxially grown silicon, oach e pitaxial lay e r having 
insulated sidowalls, and e pitaxial silicon including an uppermost epitaxial silicon laver: each 
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e pitaxial silicon layer comnrisiP f* a ton surface anH insulated sidewalls and the uppermost 
e pitaxial silicon layer having an insulated top surface; the structure disposed on a substrate in a 
vertical orientation; the structure being a component of a transistor. 

1 74. (now) The semiconductor structure of Claim 1 73 , being a transistor gate. 

175 . ( new ) The semiconductor structure of Claim 173, being a source/drain diffusion region. 

1 76. (ftew^amgndgdj A semiconductor structure, comprising: 

at least two overlying layers of cpitaxially grown enitaxial silicon, each epitaxial sUkon 
layer having comprising a top surface, aftd sidewalls with an overlying layer ofan.jnd 
insulative material* over the sidewalls: an uppermost epitaxial kye^silicon layer of the at least 
two overlving layers having a top surface with an overlying layer of an insulative material; the 
structure disposed on a substrate in a vertical orientation; the structure being a component of a 
transistor. 

1 77. (new) The semiconductor structure of Claim 1 76, being a transistor gate. 

178. (new) The semiconductor structure of Claim 1 76, being a source/drain diffusion region. 

179 (new)(amended) A semiconductor structure, comprising: 

at least two overlying layers of cpitaxially grown epitaxial silicon, each epitaxial sUkfin 
layer having comprising a top surface, aad sidewalls with an overlying layer of an ^ 
insulative material over the sidewalls: an uppermost epitaxial layer-silicon layer of the at least 
two overlving e pitaxial silicon layers having a top surface with an overlying layer of an 
insulative material; one or more of the at least two epitaxial siUeon layers comprising a 
conductivity enhancing dopant; the structure disposed on a substrate in a vertical orientation; 
and the structure being a component of a transistor. 
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1 80. (new) The semiconductor structure of Claim 1 79, being a transistor gate. 

181. (new) The semiconductor structure of Claim 1 79, being a source/drain diffusion region. 

182. faew ^amended^ A semiconductor device, comprising: 

a structure comprising at least two overlying layers of cpitaxially grown epitaxial 
silicon, each epitaxial layer having silicon laver comprising a ton surface and insulated 
sidewalls, and an uppermost epitaxial w^ilimn 1*v*r " f the at least tw0 overlying epitaxial 
silicon layers having an insulated top surface; the structure disposed on a substrate in a vertical 
orientation. 

1 83 . (new) The semiconductor device of Claim 1 82, comprising a transistor. 

1 84. (new) The semiconductor device of Claim 183, wherein the structure comprises a 
transistor gate. 

185. (new) The semiconductor device of Claim 1 83, wherein the structure comprises a 
source/drain diffusion region. 

186. (ftew)£amgnd££Q A semiconductor device, comprising: 

a structure comprising at least two overlying layers of cpitaxially grown epitaxial 
silicon, each epitaxial silicon layer having comprising a top surface; and sidewalls with an 
nvnrlyinp lnyor of a n. and insulative material? over the sidewalls: an uppermost epitaxial layer 
silicon laver of the at least two overlving ppitavial silicon layers having a top surface with an 
overlying layer of an insulative material; and the structure disposed on a substrate in a vertical 
orientation. 

1 87. (new) The semiconductor device of Claim 1 86, comprising a transistor. 



11 

MKE/7 17799.4 
USSN 10/046,497 
Inventors: Ping et al. 
MTI-31041-A 
(Amended 02-2003) 



Blacklined Claims 



1 88. (new) The semiconductor device of Claim 1 87, wherein the structure comprises a 
transistor gate. 

1 g9. (aew) The semiconductor device of Claim 1 87, wherein the structure comprises a 
source/drain diffusion region. 

190. (amended^ A semiconductor device, comprising: 

a structure comprising at least two overlying layers of opitaxially grown epitaxial 
silicon, each epitaxialjilkQn layer having com prising a top surface and sidewalls 2 with an 
overlying layer of an insulative material over the sidewalls : an uppermost epitaxial silicon layer 
of the at least two overlving epitaxial silicon layers having a top surface with an overlying layer 
of an insulative material; one or more of the at least two epitaxial silicon layers comprising a 
conductivity enhancing dopant; and the structure disposed on a substrate in a vertical 
orientation. 

191. The semiconductor device of Claim 1 90, comprising a transistor. 

1 92. The semiconductor device of Claim 191, wherein the structure comprises a transistor 
gate. 

1 93. The semiconductor device of Claim 191, wherein the structure comprises a source/drain 
diffusion region. 

194. (new"! A transistor in a semiconductor devi ce, comprising: 

source/drain diffusion regions disposed on a semiconductive region of a substrate: and 
alransistor gate disposed on the sem iconducti ve region between the source/drain 
diffusion regions, the transistor gate c om prising tw o or more overtving layers of epitaxial 
silicon extending in a vertical orientation from the substrate , each epitaxial silicon layer 
com prising a to p surface and insulated sidewalls: wherein a first ep itaxial silicon layer is 
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dis posed on the substrate, and a second epitaxial silicon laye r is disposed on the top surface of 
the first epitaxial silicon laver: and an uppermost epitaxial silicon laver of the transistor gate 
comprises an insulated top surface. 

195. (new^ A transistor in a semiconductor device, comprising: 

a transistor gate disposed on a semiconductiv e region of a substrate: and 
an elevated source/drain diffusion region disposed o n the substrate adjacent to the 
transistor gate in a vertical orientation from the substrate: the sourc e/drain diffusion region 
comprising at least two overlyi n g layers of epitaxial silicon including an uppermos t epitaxial 
laver: each of the at least two epitaxial silicon layers comprising a top surfa ce, sidewalls. and 
insulative s pacers over the sidewalls: and t he u ppermost epitaxia l laver having a top surface 
with an overlving laver of an insulative material. 

196. fnew) A semi conductor structure, comprising: 
a structure comprising 

at least two overlying layers of opitaxially grown epitaxial silicon, each of the at least 
two epitaxial laye* silicon layers having a top surface, and sidewalls with an overlying layer of 
an insulativ e mat e rial sidewalls. and insulative spacers over the sidewalls : an uppermost 
epitaxial layer having a top surface with an overlying layer of an insulative material; one or 
more of the at least two epitaxial silicon layers comprising a conductivity enhancing dopant; 
and the structure disposed on a substrate in a vertical orientation. 

197. fnew^ A semiconductor structure, comprising: 

at least two overlving lavers of epitaxial silicon, each epitaxial silico n laver comprising 
a top surface, sidewalls. and insulative material along the sidewalls: a n uppermost epitaxial 
silicon laver of the at least two overlving epitaxial silicon lavers having a top surface with an 
overlving laver of an insulative material: and the structure disposed on a subst rate in a vertical 
orientation. 
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198. fnew^l A semiconductor structure, comprising: 

at least two overlving layers of epitaxial silicon, each epitaxial s ilicon laver comprising 
a top surface, and insulated sidewalls: an uppermost epitaxial silicon layer of the at least two 
oyerlving epitaxial silicon laye rs having a top surface with an overlying laver of an insulative 
material; one or more of the epitaxial silicon layers co mprising a conductivity enhancing 
dopant: and the structure disposed on a substrate in a vertical orientation. 

122, (new^ A semiconductor structure, comprising: 

at least two ove rlvin g layers of epitaxial silicon, each epitaxial silicon lav er having a top 
surface, sidewalls. and insulative spacers over the sidewalls: an uppermost epitaxial silicon 
laver having a top surface with an overlving laver of an insulative material: the structure 
disposed on a substrate in a vertical orientation: the structure b ein g a component of a transistor. 

200. (new^i A semiconductor structure, comprising: 

at least two overlving layers of epitaxial silicon, each epitaxial silicon laver having a top 
surface, sidewalls. and insulative spacers over the sidewalls: an upper most e pitaxial silicon 
laver having a top surface with an overlvi n g laver of an insulative material: one or more of the 
at least two overlving layers of epitaxial silicon comprising a conductivity enhancing dopant: 
the structure disposed on a substrate in a vertical orientation: and the structure being a 
component of a transistor. 

2QL (new^ A semiconductor device, comprising: 

a structure comprising at least two overlving layers of epitaxial silicon, each epitaxial 
silicon laver having a top surface and insulated sidewalls: an uppermost epitaxial silicon laver 
of the at least two ov erlving e pitaxial silicon layers having a top surface with an ov erl ying laver 
of an insulative material: a nd the structure disposed on a substrate in a vertical orientation. 
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202. fnewt A sem iconductor device, comprising: 

g stmet. ire comprising at least two o verlying layers of epitaxial silicon, each epitaxial 
silicon laver comprising a too surface, and si d ewalk covered hv an insulative material; an 
u ppermost epitaxial silicon laver of the at least two overlving epitaxial silicon layers having a 
top surface with an overlving laver of an insu lative material' one or more of the epitaxial 
silicon layers comprising a conductivity enh ancing donant: and the structure disposed on a 
suhstrate in a vertical orientation. 

2Q3. (new! A semiconductor structure dispos ed on a substrate, the structure formed by a 

process co m prising the ste ps of: 

selectively growing a first epitaxial silicon laver on the substrate; the first epitaxial 

silicon laver com prising s idewalls and atop surface; 
depositin g an insu lative laver thereover; 

reaving a portion of the insulative laver to expose the top surface of the first epitaxial 
silicon laver; 

selectively growing a second epitaxial silicon layer on the exposed top surface of the 
first epitaxial silicon laver. the second epita xial silicon laver comprising sidewalls and a top 
surface: and 

de positing an insulative material la ver thereover. 

2Q4, fnew^ A stac ked vertically oriented semic onductor structure disposed on a substrate, 
the structure com prising overl ving layers of epitaxial silicon including an uppermost epitaxial 
silicon laver: each epitaxial si l icon laver having a top surface and sidewalls, and insulative 
material disposed on the side w alls, and the uppermost epitaxial silicon layer comprises an 
insulative film dis posed on the ton surface: t he structure formed hv a process comprising the 
steps of: 

selectively growing a first epita xial silicon laver on a substrate; 
de positing an insulative film laver thereover: 
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removing a portion of the insulativ e film laver to expose the ton surface of the first 
e pitaxial laver: 

selectively growing a second enitaxial silicon laver o n the exposed top surface of the 
first epitaxial laver: 

de positing an insulative fil m laver thereover: 

removing a portion of the insulative film lave r to exnose the top surface of the second 
epitaxial laver: 

repeatin g the stens of selectively growing an epitaxial silicon laver. depositing an 
insulative film laver. and removing a portion of the insulative film laver to form the stacked 
structure: w herein, unon s electively growin g the up permost epitaxial silicon laver. depositing 
an insulative film laver thereover, with no subseque nt removal of the insulative film laver from 
the ton surface of said uppermost ep itaxial silicon laver. 

2Q5. rnewl A stacked, vertically oriented semiconduc tor structure disposed on a substrate, 
the structure comprising overlving lavers of epita xial silicon including an uppermost epitaxial 
silicon laver : each enitaxial silicon l aver having a top surface and sidewalls. and insulative 
material disposed on the sidewalls. and the upperm ost enitaxial silicon laver comprises an 
insulative fi lm dis posed on the ton surface: the stru cture formed hv a process comprising the 
steps of: 

selectively growing overlving lavers of epitax ial silicon to form a stacked, vertically 
oriented structure: 

wherein, prior to se lectively growing each epitaxial silicon laver. depositing an 
insulative film over the underlying enita xial lavers. removing a portion of the insulative film to 
ex pose the t o p surface of the precedi n g epitaxial laver. and selectively growing the epitaxial 
silicon laver on the exposed top surface of the p receding epitaxial laver: and. 

upon selectively growing the uppermost ep itaxial silicon laver. depositing an insulative 
film laver thereover, with no subsequent removal of the insulative film laver from the top 
surface of said uppermo st epitaxial silicon laver. 
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2Q6. faevrt A stacked vertically ori ented semiconductor structure disposed on a substrate, 
thP structure comprising overlvi n p levers of epical silicon including an uppermost epitaxial 
silicon laver: ea ch e pitaxial silicon laver having g to p surface and sidewalls, and insulative 
material disposed on the sidewa lk and the uppermost epitaxial silicon layer comprises an 
insulative film deposed <™ the top surface: the structure formed bv § process comprising the 
ste ps of: 

splpctivelv growing overlvinp layers of epitaxial silicon to form a stacked, vertically 
oriented s tructure: 

wherein prior to selectively growing each epitaxial silicon laver. depositing an oxide 
film and removing a nortion of the oxide film to expose the ton surface of the preceding 
epitaxial laver. and selectively growing the epi c al silicon laver on the exposed top surface of 

the preced in g epitaxia l laver: and. 

, T nn splectivelv growing the unnermo st epitaxial silicon laver, depositing an oxide film 
laver thereover, with no subsequent removal of t h e oxide film laver from the top surface of said 
uppermost epitaxial sil icon laver. 

2Q7, <new^> A stacked vertically oriented semi conductor structure disposed on a substrate, 
the structure comprising overling layers of e pitaxial silicon including an uppermost epitaxial 
silicon laver: each enitaxial silicon laver hav i ng a to p surface and sidewalls, and insulative 
material disposed on the sidewalls. and the uppermost epitaxial silicon layer comprises an 
insulative film disposed on the top surface: the structure formed hv a process comprising the 
steps of: 

selectivel y growing overlving l ayers of epitaxial silicon to form a stacked, vertically 
oriented structure: 

wherein prior to selectively growin p each enitaxial silicon laver. depositing a nitride 
ag a portion of the nitride film to expose the top surface of the preceding 
layer and selective^ growing the epitaxial silicon laver on the exposed top surface of 
the preceding epitaxial layer: and. 
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n pnti selectively growi n p the uppermost epitaxial silicon layer, depositinp a, nitride film 
la yer thereover, with nn suhseou ent removal of the nitride film layer from the top surface of 
said u ppermost epitax ial silicon laver. 

2Q8, rnew^l A stacked vertically oriented semico nductor structure disposed on a substrate, 
the structure com prising overlvin p la yers of epitaxial silicon includinp an uppermost epitaxial 
silicon laver: each enitaxial sili con laver having a top surface and sidewalls. and insulative 
material disposed on the sidewalk and the uppermost enitaxial silicon layer comprises an 
insulative film disposed on the top surface: the structure formed hv a process comprising the 
steps of: 

gP lPctivelv prowing oyerlving layers of e pitaxial silicon to form a stacked, vertically 
nriented structure hv heating the suh sWe to ahout 4WC to about 950°C., and flowing at least 
nne silicon precursor pas over the snhstrate at a rate of about 1 0 seem to about 500 seem, for 
about 1 5 seconds to about ^0 seconds: 

wherein prior to selectively growinp each e pitaxial silicon laver, depositing an 
insulative film over the under! vinp epitaxial l ayers removing a portion of the insulative film to 
expose the ton surface of the precedinp enitaxial laver and selectively growing the epitaxial 
silicon laver on the exposed to p surface of the precede epitaxial layer: and. 

, T nn selectively growinp the, uppermost e pitaxial silicon laver, depositinp an insulative 
film laver thereover with no subse quent removal of the insulative film layer from the top 
surface of said uppermost epitaxial silicon layer. 

2Q9. rnew-> A stack ed vertically ori ented semiconductor structure disposed on a substrate, 
the structure comprising pyerlving layers of epitaxial silicon including an uppermost epitaxial 
silicon laver: each e pitaxial s ilicon laver havinp a to p surface and sidewalls, and insulative 
material disposed on the sidewalls and the uppermost enitaxial silicon layer comprises an 
insulative film disposed on the to p snrface: the structure formed by a process comprising the 
ster 
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selectively growing overlving layers of epitaxial silicon to form a stacked, vertically 
oriented structure hv heatinp the substrate and flowin g at least one silicon precursor gas over 
the substrate at a rate an d pressure to provide a g rowth rate of the enitaxial layer at about 
20 nm/minute to about 40 nm/minute: 

wherein, prior to selectiv el y growing each enitax ial silicon laver. depositing an 
insulative film over the underlying epitaxial layers, r emoving a portion of the insulative film to 
ex pose the top surface of th e preceding e pitaxial laver. and selectively growing the epitaxial 
silicon lave r on the exposed top surface of the pre ceding epitaxial laver: and. 

upon selectively growing the uppermost epitaxial s ilicon laver. depositing an insulative 
film laver thereover, with no subsequent removal of the insu lative film laver from the top 
surface of said uppermost epitaxi al silicon laver. 

21Q. Cnew^ A stacked, vertically oriented semicond uctor structure disposed on a substrate. 
the structure comprising overlving layers of epi taxial silicon including an uppermost epitaxial 
silicon laver: each e pitaxia l silicon laver having a top surface and sidewalls. and insulative 
material disposed on the sidewalls. and the upper most enitaxial silicon laver comprises an 
insulative fil m dis posed on the top surface: the stru cture formed hv a process comprising the 
steps of: 

selectively growing overlving layers of epitaxial silicon to f orm a stacked, vertically 
oriented structure bv heat ing the subs trate and flow ing at least one silicon precursor gas over 
the substrate at a rate and pressure to p rovide a growth rate of the enitaxial laver of less than 

about 10 n m/minute: 

wherein, nrior to selectively growing ea ch enitaxial silicon laver. depositing an 
insulative film over the underlying epitaxial laye rs, removing a portion of the insulative film to 
ex pose the top surface of the preceding epitaxial lav er. and selectively growing the epitaxial 
silicon laver on the exposed ton surface of the p receding epitaxial laver: and 

upon selectively growing the uppermost enitaxial silicon laver. depositing an insulative 
film laver thereover, with no subsequent removal of the insulative film layer from the top 
surface of said up permost epitaxial silicon laver. 
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211. fnew^ A sta cked, vertically oriented semiconductor structure disposed on a substrate, 
the structure comprising overlving layers of epitaxial silic on including; an uppermost epitaxial 
silicon laver: each epitaxial silicon laver having a top surface and sidewalls. and insulative 
material disposed on the sidewalls. and the u ppe rmost epitaxial silicon laver comprises an 
insulative fi lm dis posed on the ton surface: the structure form ed bv a process comprising the 
steps of: 

selectively growing overlving layers of epitaxial silicon to f orm a stacked, vertically 
oriented structure: 

wherein, prior to selectively growing each epitaxial silicon laver. forming an insulative 
film over th e e pitaxial layers by r a pid thermal oxidation, removing a portion of the insulative 
film to exp ose the top surface of the p receding epitaxial laver and selectively growing the 
e pitaxial silicon laver on the exposed top surface of the preceding epitaxial laver: and, 

upon selectivel y growing the u ppermost e pitaxial sil icon laver. forming an insulative 
film over the e pitaxial laye rs hv rapid the rmal oxidation, with no subsequent removal of the 
insulative fi lm laver from the top surface of sai d up permos t epitaxial silicon laver. 

212. fnew^ A stacked, vertically oriented semiconductor structure disp osed on a substrate. 
the structure comprisi n g overlving layers of epitaxial silicon includ ing an uppermost epitaxial 
silicon laver: each epitaxial silicon laver hav in g a top surface and s idewalls. and insulative 
material disposed on the sidewalls. and the upper most epitaxial silicon laver comprises an 
insulative film disposed on the top surface: the structure f ormed bv a process comprising the 
steps of: 

selectively growing overlving layers of e pitaxial silicon to f orm a stacked, vertically 
oriented structure: 

wherein, prior to selectively growing each epitaxial silicon layer, forming an insulative 
film over the epitaxial layers bv ra pid thermal nitridation. removing a portion of the insulative 
film to expose the top surface of the preceding epitaxial layer, and selectively growing the 
epitaxial silicon laver on the exposed top surface of the preceding epitaxial laver: and. 
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upon selectively growing the uppermost epitaxial silicon laver forming an insulative 
film over the epitaxial layers hv rapid thermal nitridation. with no subsequent removal of the 
insulative film laver from the ton surface of said uppermost epitaxial silicon layer. 

213. fnew^ A sem iconduct or structure d is posed on a substrate, the structure formed bv a 
process comprising the ste ps of: 

selectively growing a first epitaxia l silicon laver on the substrate: the first epitaxial 
silicon layer comprisi n g sidewalls and a top surface: 
depositin g an insulative laver thereover: 

removin g a portion of the insulative laver to expose the top surface of the first epitaxial 
silicon laver: 

selectively gro win g a seco nd e pitaxial silicon laver on the e xposed top surface of the 
first e pitaxial silicon laver while d e positing a c onductivity enhancing dopant, the second 
e pitaxial silicon laver comprising sidewalls and a top surface: and 

depositing an insulative material laver thereover. 

214. rnew^ A sem iconduct or structure d is posed on a substrate, the structure formed bv a 
process co m prising the steps of: 

selectively growing a first epitaxial silicon laver on the substrate: the first epitaxial 
silicon laver compris in g sidewalls and a to p surface: 
depositing an i nsulative lave r thereover: 

removing a portion of the insulative lave r to expose the top surface of the first epitaxial 
silicon laver: 

selectively growing a second epitaxial silicon laver on the e xposed top surface of the 
first e pitaxial silicon laver. the second epitaxial s ilicon laver comprising sidewalls and a top 
surface: 

doping the second epitaxial laver with a conductivity enhancing dopant bv ion 
implantation, and 

de positing an insulative material lave r thereover. 
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215. fnewl A stacked, vertically oriented semiconduc tor structure disposed on a substrate. 
the structure comprising overlving layers of epit axial silicon including an unnermost epitaxial 
silicon laver: each epitaxial silicon layer having a top surface and sidewalls. and insulative 
material disposed on the sidewalls. and the upperm ost epitaxial silicon laver comprises an 
insulative film disposed on the ton surface: the str ucture formed hv a process comprising the 
steps of: 

selectively growing overlving layers of epitaxial silic on to form a stacked, vertically 
oriented structure hv heat in g the subst rate and flowing at least one silicon precursor pas over 
the substrate at a rate and pressure to provide a growth rate of the epitaxial laver at about 
20 nm/minute to about 4 0 nm/minu te. wherein selectively g rowing at least the uppermost 
epitaxial laver com prises flowing the a t least one silicon precursor gas with a conductivity 
enhancing dopant over the substrate: and 

prior to selectiv ely growing each epitaxial silicon laver. depositing an insulative film 
over the underlying epitaxial layers, removing a portion of the insulative film to expose the top 
surface of th e preceding , epitaxial laver. and selectively grow ing the epitaxial silicon laver on 
the exposed top surface of the preceding epit axial laver: and. 

u pon selectively growing the uppermost epitaxial silicon lav er. depositing an insulative 
film laver thereover, with no subsequent removal of the insulative film laver from the top 
surface of said uppermost epitaxia l silicon laver. 

216. (new} A stacked, vertically oriented semiconduc tor structure disposed on a substrate. 
the structure comprisin g overlving lavers of epita xial silicon including an uppermost epitaxial 
silicon laver: each epitaxial silicon laver having a top surface and sidewalls. and insulative 
material dis posed on the sidewalls. and the uppe rmost epitaxial silicon layer comprises an 
insulative film disposed on the ton surface: 

the structure f ormed bv a process comprising the steps of: 

selectively growing a first epitaxial s ilicon laver on a substrate: 
de positing an insulative film laver thereover: 
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removing a portion of the insul ative film laver to expose the top surface of the first 
e pitaxial laver: 

selectively growing a second epitaxial silicon laver on the e x posed top surface of the 
first e pitaxial laver: 

depositin g an insulative film laver thereover: 

removing a portion of the insulative film laver to exp ose the top surface of the second 
epitaxial laver: and 

repeating the steps of selectively growing an epitaxial silicon laver. depositing an 
insulative film laver. and remo ving a po rtion of the insulative film laver to form th e stacked 
structure: and during the step of selectively growing the uppermost epitaxial laver, depositing a 
conductivity enhancing dopant to form a concentration of the dopant within the uppermost 
epitaxial laver: 

wherein, upon selectively growing the uppermost epitaxial silicon laver. depositing an 
insulative film laver thereover, with no subsequent removal of the insulative film laver from the 
top surface of said uppermost epitaxial silicon laver. 

217. (new) A stacked, vertically oriented semiconductor structure disposed on a substrate, 
the structure comprising overlving layers of epitaxial silicon including an uppermo st e pitaxial 
silicon laver: each epitaxial silicon laver having a top surface and sidewalls. and insulative 
material disposed on the sidewalls. and the uppermost epitaxial silicon laver comprises an 
insulative film disposed on the top surface: the structure formed bv a process comprising the 
steps of: 

selectively growing a fi rst e pitaxial silicon laver on a substrate: 
depositing an insulative film laver thereover: 

removing a portion of the insulative film laver to expose the top surface of the first 

selectively growing a second e pitaxial silicon laver on the exposed top surface of the 
first epitaxial laver: 

depositing an insu lative film laver thereover: 
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removing a portion of the insulative film laver to expose the top surface of the second 
epitaxial laver: and 

repeatin g the steps of selectively growing an epitaxial silicon layer, depositing an 
insulative film laver. and removing a portion of the insulative film laver to form the stacked 
structure: and during the step of selectively growing the uppermost epitaxial laver. depositing a 
conductivity enhancing dopant at a variable rate to provide a concentration gradient of the 
dopant within the uppermost epitaxial laver: 

wherein, upon selectively growing the uppermost epitaxial silicon laver. depositing an 
insulative film laver thereover, with no subsequent removal of the insulative film laver from the 
to p surface of said uppermost epitaxial silicon laver. 

218. (new) A stacked, vertically oriented semiconductor structure disposed on a substrate, 
the structure comprising overlving layers of epitax ial silicon including an uppermost epitaxial 
silicon laver: each epitaxial silicon laver having a top surface and sidewalls. and insulative . 
material di s posed on the sidewalls. and the uppermost epitaxial silicon lave r com prises an 
insulative film disposed on the top surface: the structure formed bv a process c omprising the 
steps of: 

selectively growing a first epitax ial silicon laver on a substrate: 
depositing an insulative film laver thereover: 

removing a portion of the insu lative film laver to expose the top surface of the first 
epitaxial laver: 

selectively growing a second epitaxial silicon laver on the exposed top surface of the 
first epitaxial laver: 

de positing an insulative film laver thereover: 

removing a portion of the insulative film laver to expose the top surface of the second 
epitaxial laver: and 

repeating the s teps of se lectively gr owing an e pitaxial silicon layer, depositing an 
insulative film laver. and re moving a portion of the insulative film laver to form the stacked 
structure: and during the step of selectively growing the uppermost epitaxial laver. depositing a 
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conductivity enhancing dopant at an increasing r ate over time to provide a low to high 
concentrati on of the dopant within the uppermost epitaxial laver: 

wherein, upon selectively growing the uppermost ep itaxial silicon layer, depositing^an 
insulative film laver thereover, with no subsequent removal of the insulative film laver from the 
top surface of said uppermost epitaxial silicon laver. 

2JJL (new^) A sta cked, vertically oriented semiconductor structure disposed on a substrate. 
the structure comprising overlving layers of epitax ial silicon including an uppermost epitaxial 
silicon layer: each epitaxial silicon laver having a top surface and sidewalls. and insulative 
material disposed on the sidewalls. and the uppermost epitaxial silicon laver comprises an 
insulative film disposed on the top surface: the structure formed bv a process comprising the 
steps of: 

selectively growing a first epitaxial silico n laver on a substrate: 
depositing an ins ulative film laver thereover: 

removing a portion of the insulative film laver to expose the top surface of the first 
epitaxial laver: 

selectively growing a second epitaxial silicon laver on the exposed top surface of the 
first epitaxial laver: 

depositing an in sulative film laver thereover: 

removing a portion of the insulative film la ver to expose the top surface of the second 
epitaxial laver: and 

repeating the steps of selectively growing an epitaxial silicon laver. depositing an 
insulative film laver. and removing a portion of the insulative film laver to form the stacked 
structure: wherein the uppermost epitaxial laver is selectively grown while doping, and upon 
selectively growing the uppermost epitaxial silicon laver. depositing an insulative film laver 
thereover, with no subsequent removal of the insulative film laver from the top surface of said 
uppermost epitaxial silicon laver. 
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220. (new) A stacked, vertically oriented semiconductor structure dispose d on a substrate. 
the structure comprising overlving layers of epitaxial silicon including a n uppermost epitaxial 
silicon layer: each epitaxial silicon layer having a top surface and sidewalls. and insulative 
material disposed on the sidewalls. and the uppermost epitaxial silicon layer comprises an 
insulative film disposed on the top surface: the structure formed bv a process comprising the 
ste ps of: 

selectively growing a first epitaxial silicon layer on a substrate: 
depositing an insulative film layer thereover: 

removing a portion of the insulative film layer to expose the top surface of the first 
epitaxial layer: 

selectively growing a second epitaxial silicon layer on the exposed top surface of the 
first epitaxial layer: 

depositing an insulative film laver thereover: 

removing a portion of the insulative film layer to expose the top surface of the second 
epitaxial layer: and 

repeating the steps of selectively growing an epitaxial silicon laver. depositing an 
insulative film laver. and removing a portion of the insulative film laver to form the stacked 
structure: 

wherein, upon selectively growing the uppermost epitaxial silicon layer, doping the 
uppermost epitaxial laver with a conductivity enhancing dopant bv ion implantation, and 
depositing an insulative film layer thereover, with no subsequent removal of the insulative film 
laver from the top surface of said uppermost epitaxial silicon laver. 

221. (new) A stacked, vertically oriented semiconductor structure disposed on a substrate, 
the structure comprising overlving layers of epitaxial silicon including an uppermost epitaxial 
silicon laver: each epitaxial silicon laver having a top surface and sidewalls. and insulative 
material disposed on the sidewalls. and the uppermost epitaxial silicon laver comprises an 
insulative film disposed on the top surface: the structure formed bv a process comprising the 
steps of: 
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selectively growing overlving layers of epita xial silicon to form a stacked, vertically 
oriented structure: 

wherein, prior to selectively growing each epitaxial s ilicon laver. forming an insulative 
film over the epitaxial layers hv ranid thermal oxida tion, removing, a nortion of the insulative 
film to exnose the ton surface of the pre ceding enitaxial laver. and selectively growing the 
epitaxial silicon laver on the ex posed too surface of the preceding epitaxial laver; and, during 
the ste p of selectively growing the uppermost epitax ial laver. depositing a conductivity 
enhancing dopant to form a concentration of the do pant within the uppermost epitaxial laver; 
and 

upon selecti vely growin g, the uppermost e pitaxia l silicon laver. forming an insulative 
film over the epitaxial la vers hv rapid thermal oxi Hation. with no subsequent removal of the 
insulative film laver from the top surfa ce of said uppermost epitaxial silicon laver. 

222. (new^ A stacked, vertical ly oriented semiconductor structure disposed on a substrate, 
the structure comprising overlving la vers of epitaxi al silicon including an uppermost epitaxial 
silicon laver: each epitaxial silicon laver having a top surface and sidewalk and insulative 
material di sposed on the sidewalls. and the upper most epitaxial silicon laver comprises an 
insulative film dis posed o n the to p surface: the struct ure formed bv a process comprising the 
steps of: 

selectively growing overlving lavers of ep itaxial silicon to form a stacked, vertically 
oriented structure: 

wherein, prior to selectively gr owing each epitaxial silicon laver. forming an insulative 
film over the epitaxial lavers bv rapid thermal nitri Hation. removing a nortion of the insulative 
film to expose the top surface of the preceding epit axial laver. and selectively growing the 
e pitaxial silicon laver on the exposed to p surface of the preceding epitaxial laver: and, during 
the step of selectively growing the uppermost epita xial laver. depositing a conductivity 
enhancing dopant to form a concentratio n of the dopant within the uppermost epitaxial laver; 
and 
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upon selectively g rowin g the uppermo st e pitaxial silicon lave r. forming a n insulative 
film over the epitaxial layers bv rapid thermal nitridation. with no subse quent removal of the 
insulative film laver from the top surface of said uppermost epitaxial silicon laver. 

223, (new) A stacked, vertically oriented semiconductor structure disposed on a substrate, 
the structure comprising overlving layers of epitaxial silicon including a n uppermost epitaxial 
silicon laver: each epitaxial silicon laver having a top surface and sidewalls. and insulative 
material disposed on the sidewalls. and the uppermost epitaxial silicon laver com prises an 
insulative film disposed on the to p surface: 

the structure formed bv a process comprising the steps of: 

selectively growing a first epitaxial silicon laver on a substrate: 

depositin g an insulative film laver thereover: 

removing a portion of the insulative film laver to expose the top surface of the first 
epitaxial laver: 

selectively growing a second epitaxial silicon laver on the exposed top surface of the 
first epitaxial laver: 

depositing an insulative film laver thereover: 

removing a portion of the insulative film laver to expose the top surface of the second 
epitaxial laver: and 

repeating the steps of selectively growing an epitaxial silicon laver. depositing an 
insulative film laver. and removing a portion of the insulative film laver to form the stacked 
structure: and during the step of selectively growi ng the uppermost epitaxial laver. depositing a 
conductivity enhancing dopant to form a concentration of the dopant withi n the uppermost 
epitaxial layer: 

wherein, upon selectively growing the uppermost epitaxial silicon laver. depositing an 
insulative film laver thereover, with no subsequent removal of the insul ative film laver from the 
top surface of said upperm ost epitaxial silicon laver. 
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